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Introduction
How a plant responds to defoliation is
controversial as
upon fitness characteristics are variable (Belsky 1986).
Studies have shown detrimental effects

frequently grazed, while H. filipendula
grows at areas with a low grazing
frequency (Belsky 1986).
Environmental conditions such as
drought stress can alter the way a plant
tAlc'rat,C)c hf~ .....
Ladd and Buriff
of root
h1'\:TA"t·'\:T

ABSTRACT:

We investigated theeffects of insect herbivor» on the common mi.lkweed
(Asclepias incarnata), 78 root stocks
were potted in pots in a greenhouse.
At theheight of 61 to 76 em, theplants
were divided into three different treatmentgroups of thecontrol (well
watered), moderate drought, andsevere
drought groups with 26 individuals per
treatment. Two weeks after the treatments were implemented, 13 plants from
each group were defoliated by monarch
caterpillars (Danaus plexippus).
Photosynthesis, height, leafarea, caterpillar weight and timeofflowering will
bemeasured. We hypothesized the
drought stressed groups would be better
able to tolerate defoliation due to the
increased allocation of energy towards
defense, while thecontrol group allocated more for reproduction.
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and

shown beneficial
scarlet gili~ is an
mule deer and elk. If the
stalk of a
plant is cropped off, the plant responds
by sending up as many as four more
stalks (Paige and Whitham, 1987). Plants
may benefit from herbivory by changes in
limiting factors such as light, water, and
nutrients. These factors can increase carbon gain (compensatory photosynthesis),
growth rates and reproduction.
Published reports of the effects of
herbivory upon plant physiological
response (i.e, photosynthesis) are highly
variable.. Godfreyet al. (1993a) measured
declines in leaf photosynthesis rates of
maize damaged by Diabrotica virgifeta virgifera Leconte larvae, but only if herbivory
occurred during late vegetative growth
(Dunn and Frommelt, 1997). Vari~tion
among studies may be due to differences
in plant age, physiological condition
before and during experiments, genetics,
modular integration (i.e. clonal), and evolutionary history of many plants. One
study done by Wallace et al. (1984) compared photosynthetic rates before and
after clipping in three species, Kyllinga
nervosa, Themeda triandra, and
Hyparrhenia filipendula, from the Serengeti
grasslands. They found that the first two
species, K. nervosa, and I tHandra, had
maximal photosynthetic stimulation when
given the severest treatment, while the
third specie, H. filipendula, showed maximal photosynthetic stimulation when
given the moderate treatment. They concluded that the reason for the differences
was due to the difference in evolutionary
histories of the three species. K. nervosa,
and I tHandra grow in sites that are very

bluegrass, Poa pratensis
They found that when the soil moisture
was maintained near field capacity, R
pratensis was able to sustain high levels of
root herbivory without a decline in
foliage biomass. If the soil moisture that
offers the best resistance to herbivory can
be found for crop plants such as maize,
pesticides may become a thing of the
past. Spike and Tollefson (1989) found
that maize that was infested with the larvae of D. v. virgifera showed a greater loss
in grain yield during a growing season
with below average precipitation compared to a season of average (Dunn and
Frommelt, 1998)..
The monarch caterpillar, Danaus
plexippus, is a specialist herbivore of milkweed. Eggs are laid on the leaves of milkweed throughout late spring, summer,
and early fall; and hatch after approximately four days. There are two to three
generations in Michigan. The larvae
immediately begin to eat the surrounding
leaves. This continues for ca. two weeks.
The larva spins a silk mat to attach itself
to an object and forms a chrysalis.
Approximately two weeks later, the adult
butterfly emerges. The effect of the
monarch on the fitness of milkweed is
not known.
Swamp milkweed (Asclepias incarnata L.) is one of several Asclepias species
in North America. It grows in dense linear strands near the water's edge. A single ramet usually has more than two
stems, with many umbels per stem and
few pods per umbel. It has a low frequency of herbivore damage, relatively
high annual mortality, determinable
growth, and a short flowering season.
I-'Y,l.Y.L.L.L.LU..-\.L
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The seeds can withstand prolonged submersion and can germinate any time in
the summer when the mud is exposed at
the edge of the water. The reproductive
strategy of the plant can be divided into
three major components: flowering,
including number, and position of infloresces on the plant; germination,
~rr success and adult
and
seed production,
seed size,
number, time of maturation. and seed
dispersal. All three of these components
are interrelated. For example, a plant
may put out very large viable seeds, but
the number of those seeds will be less
than a plant that puts out smaller seeds.
The plants may bloom the first year and
live for 5 to 10 years. Pollination is carried out by large insects such as
monarch butterflies (Wilbur, 1976).
Our objectives were to quantify the
effects of leaf herbivory and soil moisture
on the allocation of energy in Asclepias
incarnata L. These milkweed plants were
subjected to different levels of soil moisture. Also, half the plants in each treatment were subjected to herbivory by D.
plexippus. We measured net photosynthesis, height, number of leaves, and physiological age of each plant from early vegetative growth to early reproductive age.
At the time of harvest, each of the plants
were divided into four sections, which
were leaves, roots, stems, and reproductive parts. All were dried and weighed.

State
under natural light
conditions. Maximum and minimum
temperature readings were
daily,
with the

one insect damaged. The photosynthesis
rates were taken with an open
Infra Red
(ID Inc.,
Washington.

were
fertilizer. All
were rotated within
the greenhouse on a regular basis to
reduce environmental variation.
All plants that were selected to be
part of the experiment were of approximately equal leaf area. Seventy-two plants
were randomly divided into six treatments
which included well watered without herbivory; well watered with herbivory, moderate drought without herbivory; moderate drought with
severe
drought without
and severe
drought with

pupation,
was
weeks .• If they were
the
head or on the wrong plant, they were
relocated to the correct position and plant
on a daily basis.
Plants were harvested on 21 July
1999. Biomass from each plant was determined by dividing each plant into the
reproductive parts (including flower heads
and flower stems); leaves; roots; and
stems. Plant parts were then dried at 90°
C for 48 hours and weighed.
roots
were cleaned thoroughly and. dried at 90°
C for 48 hours to constant weight.
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Materials and Methods
Rootstock of Asclepias incarnata were
obtained from Walters Greenhouse, Inc.,
Zeeland MI. Plants were rinsed in a 10°;6
bleach solution then planted on 18 May,
1999 in 4L black plastic pots with a
15°;6 soil mixture, composed of 20 parts
Farfard Mix #3B (45°;6 Canadian sphagnum moss, processed pine bark, perlite,
vermiculite) and 3 parts Green Thumb
All-Purpose Potting Soil (Soil, peat,
humus). Plants were grown in the environmentally greenhouse at Grand Valley

J..'-'J.. ''-.1..1.J..-'_,-,'-'-
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Treatments
June 1999,.
height
em.
each treatment were set
a wooden
pallet in order to control moisture in the
pots. The plants on the pallets, as well as
the pallets, were rotated once per week.
The plants in the well-watered category
were given 1.5L of water per day: The
moderate drought plants were given 1.5L
every 3 days, and the severe drought
plants were watered every 5 days.
Observations of stem number, leaf number, height, and physiological age were
recorded 25 June 1999, one week into
treatments; and 12 July 1999, three weeks
into the treatments. Photosynthetic measurements were taken 17 June 1999, four
days before water treatments began; 7 July
1999, three week into the treatments; and
15 July 1999, four weeks into the treatments. Two fully mature undamaged
leaves of approximately equal location on
each plant were measured. If part of the
herbivory treatment, one undamaged and
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Results and J)HiCUlSS).()l1
The defoliated and the
showed
rates
over the course of the experiment. On
the day of infestation, the defoliated
plants had a slightly lower photosynthetic rates. Eight days after infestation however, the infested plants showed an even
higher rate of photosynthesis (Table 1).
The fact that the infested plants showed
an increase in photosynthesis also supports our hypothesis that plants can
compensate for herbivory damage by
increasing photosynthesis rates in the
remaining leaf area.
There were no significant differences
in photosynthesis or conductance in the
plants pre-treatment. This was to be
expected, as the plants were given
approximately equal amounts of water. All
of the plants appeared to increase their
gas exchange rates as the experiment
continued, but the drought stressed plants
showed the highest increase in
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photosynthesis (Table 2). This supports
our second prediction that soil moisture
levels also can affect the response of a
plant towards herbivory by shifting allocation
things.
A 25°16
in the 'Y'\",~hJ~'"
leaves
the
tion
There
in the number of
was a 13°16
leaves between the control plants and the
defoliated plants at pre-treatment, but the
decrease was not significant. The control
plants showed an increase in both height
and the number of leaves between the
same dates. A decrease in the number of
leaves was expected in the defoliated
plants, as the monarch caterpillars were
observed feeding primarily on the leaves.
Five days after infestation, the severe
drought plants showed a 9°16. decreases in
height (P=O.. 049, F=3.15) and a 49°16
decrease in the number of leaves (P<O.OI,
F=18.61) as compared to the well-watered
plants. The moderate drought and the
well-watered plants both showed increases in height and number of leaves. There
were no significant changes in height and
number of leaves between the plants at
pre-treatment (Table 4). Dunn and
Frommelt (1998) also found that drought
stressed plants had a decrease in biomass
of leaves.
The severe drought plants were
shorter and had fewer leaves, but they
had an increase in photosynthesis. This
shows that the plants were allocating
more energy for some reason, perhaps in
order to make up for the lost leaves, or as
a response to being eaten.
There were many significant differences in the biomass of the plants.
Between the control and defoliated plants
there was a 12.9°16 loss of above ground
biomass (P<O.OOI, F=44.69). This was the
relative pattern among all of the biomass
measurements taken, with the exception
of the reproductive parts (Table 5). The
same pattern was observed among the
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water treatments, except the reproductive
parts and the roots showed no significant
differences (Table 6).
Since everything except for the roots
and the reproductive parts showed a significant
in the severe drought
plants as compared to the
and
the
the defoliated plants, the severe . . . . .
plants and the defoliated plants were. allocating enough energy towards keeping
their roots and the reproductive parts
active and healthy: Paige and Whitham
(1987) found that scarlet gilia, when
cropped, would shift its energy allocation
from its roots to its senescent tissues. This
supports our prediction.
y'Y\J.'o...., .....

Conclusions
There were significant differences in photosynthesis, conductance, plant height,
number of leaves, and biomass measurements such as root, stem, leaf, above
ground, and total weight between those
plants that were subjected to severe
drought and the plants that were well
watered. There were also significant
differences in these same measurements
between the non-infested or control
plants and the defoliated or infested
plants. These differences all support our
hypothesis of plant allocation, which stated that the Asclepias incarnata would have
a shift in its energy allocation pattern to
compensate for water stress or lost tissues.
Allocation-wise, it appears that the most
important structures to the milkweed
plant Asclepias incarnata are the reproductive structures, as these were allocated the
most energy through out the water treatment levels and the infestation period.
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Table 1: Effects of defoliation on mean (±s.e.) photosynthesis (umol/mz/s) and conductance
(mmol/mz/s) of Asclepias incarnata pre-treatment, the day of infestation, and 8 days after
infestation by monarch caterpillars (Danaus plexippus)

(see key at right)

Pre-treatment
PSN
Cond
Day of Infestation
PSN
Cond
Day 8
PSN
Cond

Control

Defoliated

14.022±0.63
0.6842±0.05

14.959±O.68
0.6469±0.07

4.0119±0.37
0.6332±0.040

3.4632±0.33
0.6070±0.024

4.3237±0.44
0.9768±0.066

5.8965±1.36
0.9597±0.057

KEY
adf=clegrees of . . . ""'' "'.. . . '-'.. . . .
significant, P>O.05.
cP<O.05.
dP<O.Ol.

2.91 b
0.52 b

Table 2: Effects of soil moisture on mean (±s.e.) photosynthesis (umol/mz/s) and conductance
(mmol/mz/s) of Asclepias incarnata at pre-treatment, the day of infestation, and 8 days after
infestation by monarch caterpillars (Danaus plexippus)

(see key at above right)
Well-watered
Pre-treatment
PSN
Cond
Day of Infestation
PSN
Cond
Day 8
SN
Cond

Moderate drought

Severe drought

F (df)'

15.260±0~87

13.687±0.76
O. 6040±0.08

14.814±0.84
0.6960±0.60

0.6924±0.08

2.24b
0.87b

5.3537±0.41
0.6930±0.036

3.6995±0.30
0.6974±0.032

2.5797±0.37
0.4660±0.03

19.13d
18.28d

6.3150±2.15
1.0427±0.063

4.2510±0.40
0.9641±0.085

4.9331±0.82
0.8834±0.075

1.51 b
1.25 b

Table 3: Effects of defoliation on mean (±s.e.) height (em') and number of leaves of Asclepias
incarnata pre-treatment and 5 days after infestation by monarch caterpillars (Danaus plexippus)
(see key at above right)

Pre-treatment
Height
Leaves
Day 5
Height
Leaves

Control

Defoliated

F (df)a

64.169±1.59
56.833±2.87

64.997±1.67
49.167±2.71

0.12b
3.72b

91.606±2.28
110.47±8.17

93.435±2.34
82.935±6.42

0.19 b
11.09d
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Table 4: Effects of soil moisture on mean (±s.e.) height (em') and number of leaves of Asclepias
incarnata pre-treatment and 5 days after infestation by monarch caterpillars (Danaus plexippus)
(see key at right)

Well-watered

Moderate drought

Severe drought

63.771±2.33

65.258±1.82
54.

O.14b
0.95 b

90.973±2.40
106.82±7.93

88. 179±2.46
60.053±5.16

3.15 c
18.61 d

KEY

Pre-treatment
Leaves

49.208±2.96

Height
Leaves

97.263±3.10
118.17±9.38

Day 5

adf=::degrees of freedom
bNot significant, P>O.05.
cP<O.05.
dP<O.Ol.

Table 5: Effects of defoliation by monarch caterpillars (Danaus plexippus) on mean (±s.e.)
biomass (g) of roots, stems, leaves, above ground, total, and reproductive parts of

Asclepias incarnata
(see key at above right)

Roots
Stems
Leaves
Above Ground
Total
Reproductive

Control

Defoliated

F(dDa

17.942±O.66
16.445±O.31
15.730±0.30
31.999±O.49
49.795±O.88
10.533±0.17

15.646±O.41
15.214±0.31
12.507±O.27
27.721±O.49
43.36±O.81
10.726±0.12

9.64 d
11.78 d
89.70 d
63.44 d
44.69 d
1.47b

Table 6: Effects of soil moisture on mean (±s.e.) biomass (g) of roots, stems, leaves,
above ground, total, and reproductive parts of Asclepias incarnata

(see key at above right)

Roots
Stems
Leaves
Above Ground
Total
Reproductive
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Well-watered

Moderate drought

Severe drought

F(dDa

17.091±0.56
16.302±0.37
14.880±0.39
31.190±0.66
48.281±1.17
10.789±0.11

17.582±0.91
16.103±0.53
14.230±0.53
29.749±0.75
47.051±1.28
10.454±0.27

15.593±0.54
15.016±0.33
13.411±0.56
28.264±0.81
43.856±1.17
10.474±0.24

2.58 b
5.04 d
7.68 d
10.37 d
8.01 d
1.14 b
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